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ABSTRACT

Shipboard studies of radio fr-quency arcs
developed on parked aircraft aboard the CVA 42Ihave shown that arcs of 0.4 a m pe re or more
& awn f rom locations wi th an open-circuit poten-
tial greater than 120 volba can ignite flammable
concentrations of fuel vapor. Such arcs were ý
observed wnder conditions which were consid-
ered normal for purpose~q ;xi feline. Measure-
mnents of arc voltage and current are reported
for various locations of the aircraft and trans-.

I ~mitters. Suiggestions are made for reducing the
possibility of accidental tires-.

PROBLEM STATUS

This Is an Interfm report; work on the prob-.
lem is continuing.

e AUTHORIZATION

NRL Problem COI-03
Projects NS 072-000 and NR 4710-000

Task NR 470-001

Manuscript submitted November 23. 1'959.
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SMIPBOARD STUDIES OF FVEL-VAPOR IGNIfN
3BY RADIO-FREQUENCYARM

BACKGROUND

Various reports from the fleet have indicated that radio-frequency (rf) arcs are some-
times observed on aircraft located near transmitting radlo antennas aboard aircraft carri-
ers. Since planes are fueled in close proximity to such antennas, these arcs obviously
threaten the safety of the fueling operation if they can serve as ignition sources.

bi the spring of 1958, the authors participated in an rf hazards assessment program
"sponsored by the Navy Department. Field studies of ignition by ri arcs were made aboard
the CVA 42 (FRANKLIN D. ROOSEVELT) during the period April 16-21. Subsequent lab.
oratory studies of some factors involved in arc ignition were previously reported (1); the
current work presents the results of the shipboard studies.

THE NATURE OF TIlE PROBLEM

An aircraft loýcated in an rf field acts as a receiving antenna. As the electromagnetic
waves surge past, currents are induced in the airframe. Since these currents are a mass
movement of electrons responding to the external field and interacting with the electric'a

characteristics of the aircraft structure, the highest voltages accur at areas where the
electrons tend to accumulate immediately before reversrl of their direction of flow. These
areas are often associated with portions of the aircraft where sharp edges occur, sach as
the prupeller, ailerons, external rocket fins, or bomb racks.

When the aircraft is touched at a point of high potential by another conductor which
can provide an alternate path for discharge of the accumulated electrons, current flowsi lthrough the junction. On breaking the contact, an arc may be formed if the current is
large enough. Such arcs cain be drawn out to a distance which depends largely on the

electron emission characteristics of the contacting metals, the magnitude of the arc
current, the frequency, and the rate of separatiom.

Dairif, daylight conditions, the arcs are not easily seen but are often felt by personnel
touching the aircra't anrd the resulting sensations are described as rf burns. In the dark,
even smiall arcs are readily visible, and, where a sequence of arcs arise, as when a

grounding clip i: dragged across a high-potential wing area, the subjective impression is
that of a long, cr.,',nuous spark. Thus, fueling crew members have reported seeing

A "sparks six feet iong.

llMeasureme:.', of the voltages and currents involved in these arcs were made by
personnel of International Electronics Engineering, Inc. aboard the CVA 59 (FORRESTAL)
in December 1957 Their results (2) indicated open-circuit voltages as high as 100 volts

and curreunts n tLhe order of 0.6 ampere. Since these observations were incidental to

another program, unretated to vapor igidtion, the present test progr'mn was designed to

investigate the following aspects of the problem:

I, To determine whether rf arcs can ignite flammable concentrations of fuel vapor

and, if so, to determine the magnitude of current necessary to cause ignition.

j .- -
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2. TtO measure the current which can be drawn fIom aj.rcraft positioned in various
relationships tW transmittirn antennas.

3. To attemnp to correiate nima-ured rf currents with, -"-•--•ndent measurements of
field strength.

PROCEDUR-CS AND APPARATUS

Measurements of energ-y available for arc formation tnr'I el positioning an aircraft
in the desired relationship tu the antenna, transmitting a ccr~nza.7•u' wave siitmal, oixi then
measuring the voltage and cu-rent at specific points on the -z•-zit. All test aircraft were
tied down and grounded to the deck with stranded .Steel cab(es _accordance with the
standaxd procedure of the stiu's plane-handling and tuelixtg 'Ers Preliminary estimates
of the voltage were made to determine the areas of greatest ---:rest by attempting to
draw arcs to a hand-held percil or by hand feeling the airc.-ý_ Ttis practice when
checked by subsequent volta.e measurements was found to pa-%'i-e a reasonably valid
index to the high-voltage areas.

A General Radio "1y-pe 7Zr-A vacuum tube voltmeter wins .r-sei for voltage measure-
meats and a panel-type rf 2--ameter (ranee 0 to I ampere) wurIa --ed for the current meas-
urements. Ualess otherwise roted, voltages and currents wtre -ad independently to
eliminate interaction of the measuring devices.

The reader is cautioned against leaping to the concluson ii'--_r :be product of open-
circuit voltage measurements and the subsequently measured .sbart-circtuit currents Is
a valid power index. The experimental probing for locationx as uhich arcs could be
drawn indicated that, at points of relatively high-m -asured •e•:_,al, short-circuit cur-
rents heavy enough to maintain arcs were usually - ailable. Laidtere no voltage could be
meanured, nxo arcs or measurable current could I observe:E. D is obvious that grounding
a part of the aircraft through an ammeter or a conductor w'azr_ can permit arc develop-
ment changes the standing..a-ave pattern on the aircralt ard f-,-..ly the voltage at the
point of raeasure=etL

The pairing of open-circait voltages and currents in tha •es is therefore to illus-
trate the above e*perimenta•l observation. The ratio of open -.cLr,=it voltage to the current
which could be drawn from a gIven point is not constant and .wo'.=&- not be expected to be so.

On the other hand, IAter experiments in which voltage mad r-rrent measurements
were made simultaneously from. a single point do yield vali r=.e:aive-powet measurements
since the standing-wave pattern was not changed during the c.nae of planmed variations in
the field intensity and so the c.-ase angle remained constantr- Cr=zersion of these relative-
power irteasurements to absc•::te values would require know5-!-.Le •f the phase relationships
between current aznd voltage xhich was not readily accessht•. "'

Ignition tests were made with the apparatus shown in F•'_. Ia The tot leads [ere
connected between the aircr-,ft and flight deck while the sent.-- N- .ichrome electrodes
were in contuLtL 'kihe elecz.i,.zas were then pulled apart -;c z. ala arc could develop in I
the opening gap. Later a mr-ifled apparatus (Fig. lb) prov-.,a. a scraping separation
between brass and solder electrodes. This apparatus perrrn.-_.-- :.-itions at ,ower voltages ',
because of the lower internal resistance and better electrorL e...e-on characteristics of
the electrodes. The electrodes were In an atmosphere whicir -v-na f1lammable at a spark
energy level of 0.3 milliloule. .Tis was achieved by wettin. a-e -,ton pad with a mixture
of n-iioptane and n-octane wLzcz gave at the amoient temper •,n equilibrium vapor
concentration within the co;cte.tration limits for ignition at rnas r-E÷cgy level (1). Blends
containing 0, 33, 67, aznd iOC percent n-octane provided enou..t ei.,r.ap to cover the temper-
ature range from 55* to 96 0 F.

L4
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MOVABL.E
ELECTRODE

(a .- LBOTTLE OjOT K*. COTTOtI PLUG
SATUR'TED 1
kUkEL

*jJ.,a 4u ,

.4.. ~F'IXED -N
FA.ECTRODE El Ar rOW. EETR INSULATINGJBASE

/7 1 rSsr L'7A sAS6

Xi rc prodizcti~r. by separable (b) Arc production by sc raping separation

' Nchrorne clectrodes of brass and solder electrodes

Fig. I-ig~aitiozi test &pparatus

* £~X.PERIME~NTAL RESULTS3

Voltage and Current IMeasurementz

binitia voltage ar.4 Currer-t measurements were made on an AD-6 aircraft. spotted fore
aad aft at the starboard edge of the flight deck with its wing centered on and extending out-
board ever the forward 7TBA whip antenna (frame 6). As expected, wide variations were
cbserved in the measurable voltage from point to point (Fig. 2). These measurements, an
well as subsequent .'eaasuremezats, 'Were unpreceictably affected by changes in the grounding
pattern- For instance, touching the underside of the wing by hand would somnetimues change 0
the measured voltage at speciflic points by as much as 100 peLrcent. Other points, not fat

4 removed, would show no change. The highly distorted shape of thL observed voltage pat-
tern suggests the impossiblt complexity of analyzing the airframe in terms of conventional .-

antenna concepts

Relatively h~gb voltages were found on this aircraft at various points, particularly
i4&. on such appendages a5 the external wing tanks, mointed rockets or bomb racks. the pro-

peller, and the eznpeanage. S.-me of these measurements are shown in Table 1. The major
suhc~ivisious of the table ind! cate the effects of folding tMe wings and raising the ship
antenna to a vertical position, and also the effect of moving the airplane twenty feet toward
the centerline of the ship. Foldling the wings changed the energy distribution on the air- '

craft but had litte effect on the rnng~iitudctof the available energy. These findings were
essentisljy dupLicated u-ith the AD-6 positioned similarly in relation to the TEM whipF ~ < 1 * atenna lo-cated aft of the island structure at frame 205 (Table 2). Similar, though less
comnprehensive, measirements; were miade on three other types of ..ircraft (Table 3).
Kxcept for the FJ-3, which was incomplctd-y checked, the energy levels noted are of the
same order of inagnit-'Je as those observed on the AD-6. '.

The possibility of fivid interactions which might reinforce, cancel, or shift the
standing-wwave pattern wvhen an aircraft is exposed to the fields of two Simultaneously
transmitting antenna-a was investigated. The AD-6 was therefore positionedM with its out-
board wing extending over the SRT antenna (f rame 200) located aft of the island and 18.5 feet

%0
a4.
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• Fig. 2 - Voltage distribution on port-wing edges
of an AD-0 aircraft

• Table I

RF Arc-Voltage and Current Determtinations on an AD-6 Aircraft

l of a TBA (1000 watts, 13.551 Me) Transmitter

i AicralTest Area

P o i t o a~ P r o p e l l e r - W i n g - S t a 'bo a r d .- S t a r b o a r d - F u e l
Puitnad Blade Tank Wheel Wing-Tank Tank
eareet Edge Nose Tteclown 'Tail Fin Vent

Wings Spread,

SVoltage (Volts) * 245 so 48 200 60-110
.Current (amp) 0.66 - 1.00 0.70 0.35
S~Wings Folded,

Antenna Vertical152 0202 06Voltage (volts)' 5 5 020 6
":Curre, t (wnp) 0.20 0.80 0.09 0.78 0.26

•. Wings Spread,
f•ntenna Iforizontal,

•y Craft Moved 20 ft
S. To wa rdI Centerline
•Voltage (volts)* 160 145 120 20
"."Current (amp) 0.30 0.42 0.36 0.10

i•.'• "lWings Folded,
•.'. Anteruu Vertical,
.j tICraft Moved 20 ft
;-• Toward Centerline

SVoltage (volts)* 80 so 54 14
.. C~u rent (amp) 0.13 0.10 0.12 0.08

•"•.• l Open rircuit.

I•
I! i

Io
__ _ __ _
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Table 2
RF Arc-Voltage and Current Determinations on an AD-6 Aircraft
Located in the Vicinity of the Starboard Whip Antenna (Frame 205) t
of a TBIM (500 watts, 11.8 Mc) TransmitterI Aircraft Test Area

Position and Prope~ler- Wing- Starboard-Wing- Fuel
Measurement Blade Edge Tank Nose Tank Tail Fin Tank Vent

Wings Spread,
Antenna Horizontal

Vultage (volts)*. 225 195 120 (24)t 30
,:Current (amp) 0.35 0.69 0.60 (0.22)t 0.15

Wings Folded,
Antenna Vertical

Voltage (volts)" 100 65 38 46 1
Current (amnp) 0.240 0.185 0.125 0.33

Wings Folded,
Antenna Horizontal 1

Voltage (volts)* 60 45 44 (28)t 110
Current (amp) 0.37 0.15 0.15 (0.22)t 0.245

Wings Folded,

Antennta Horizontal,

18.5 ft Forward
Voltage (volts)* 16(1 60 50 60
Current (amp) 0.26 0.26 0.23 0.31

SOP'n circuit.
tDctermined with craft moved ZO ft toward centerline.

forward of the TBM antenna. The 500-watt SRT and T13M transmitters were each tuned
to 11.8 megacycles at maximum power. The results of voltage and current measurements
are shown in Table 4. The energy i'el* were comparable in magnitude with those reported
in Tables I and 2. At all points measLL',.d, the voltage decreased slightly, but, in most
cases, the current remained the sanme or acually increased. This observation indicates
a shift in phase of the standing-wave pattern and suggests that in this particular case the
ioteraction of the transmitters tended to decrease rather than increase the energy avail-
able at the measurement points. It is likely that a ccmplete survey of the aircraft would
have indicated other specific points on the airframe where the reverse was true. This
was borne out in later measurements at the port-wing bomb rack-. w•iere voltages and
"crr~nts measured with both transmitters in oper.tion exceeded the sum of the values
measared wiLh each operating independently.

The study of transmitted wave interac ion was continued by attaching both the volt-
meter and aninieter between the tail fin of the starboaird wing tank and the flight deck to
avoid accidn'nital changes in measurement geomnetry. The AD-.6 was spotted with its out-
board -'ing centered uoer the TDM antenna. The SRT and TBM were ,perated under lade-
per.ent -d simultaneous conditions (Table 5). It is obvious tat the energy levels of
simultaneous transmission are nut simply the arithmetic sum of U:ose noted with eachtrarsmitter operating independently. The table also reports measurements made with

grounding cables attached to two additional points on the plane, o'le -a the propeler and

, / i ')
. . . ..-. - .
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Table 3 0 0

RF Arc- Voltage and -Currcot Determinations of V,ýriou Air-
craft Located in the Vicinity uj the Starboard Whip Antenna
(Frame 6) of a TVA (00watin. 33-51 Me) Transmitter

Aircraft Position Mteasurement

Iand Test Ae oigv*Zurn(amp)

14 ft from A~ntern'a

Bomhb ay Door 645 0.48
Stiroad-Wng%7

(ngnea fuselage) 145 0.55

Ful-ak ont 10 .003

RoktMut 20 0.60

A30~ *Vng Sped
tntent Vertical ereo m.suomn

(Tabi 6 ad Fig 3) sele age Cete relite tetesite oe udeeeg vi
on the .Arcr~i1t Th t fr~'ritr om c wnemas erae neulIceet f3dc
as caarcdby PIBas fedstcthmtrIaenert lneTeavlbe
cnr~ i bvoulyaliea unction &.of the 0.l4srngh(adtannitrowr.
thi *a.;, he rouctofvStarboard-creti eiberltv oe ~dx eas
themca'urig eo Etr ndin tracsitedl rqec r ihngda h hs le 11 05
thecuren an ltaeWemaions Constate hstn a eetdwt rudla

Tail Fl 0003

'H -..RockI
Cl ~ ~ ~ ~ ~ Ns .0 0 .. 60.-... .'....
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tI~ RF Aro~-Voflage and -Cur real "frtrvietkks an 3w All-4 AUe*rv
uc~alud in the VicuIty of OWe Wtadlinad Mugs~ Aaale*ah f (vruf

200 ar.f 20% tif the Sosmullan~puuay Tr'n~ilving, TAM (Wvftft

11.8 &160 2nd SHT (50( waltt. I#.& hMi Trsa.,twUlma

('.",itin and ' WIaaler tml-WtigETw

Wings FoWdr4.

Anirnns Horizonal~a

Antcr-". V9 ertical

I Q~Oem circuiit.

f tDivr.~amcd -&tIh ol h tnms~ msm-a

RV Are-Volkage .uW ..Ctw.renti D1Arma"Uameo at MW
SlAy Ward..Wing -Tankc Tail Fin ofasA13-41 Alreriiii

Lu'ated ini the Vic inily 40 theStarbnard W?4t Au~rumnmv

cjusly Tra./,a1Uknfw; TOM 0 eISW Ivall 11.9 Mej zdS3T
4500O waiti, I . Mc) Tiansaillterm

I~ 
W;,"£~reloa* Transmitter

VOlLbge(i.)* Carrewat(ammW

127"22

*TI3PMtand SRT I 120 06
rnt4,*q ,t "&.d~i FM. r~al

T1~1: tr po pi'7 c ( 1d~I.0.' ltrowu It

f*1 .owtoo Irud
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Table £
RF Arc-Voltage and -Current Determinations on an AD-6 Aircraft LAt d
in the Vicinity of toe Starboard Whip Antenna (Frame 205) of an lhcremdm-tally Power-Reduced TIM (500 watts, 11.8 1c) Transmltter

Calculated TBM I riet-Seagtk Ierasnremeut Reblive
Output (watts) Meter Reading (db) Voltage (v). Current (amp) I w'

k: !Starboard-Wing-Tank Tail Fin

250 17 60 0.50 36

625it 33 0.28

31.25 a 2a 0.15 3
Additional Ground Lead to Nose of Starboard Wing 7Tank

500 20 100 0.85

.x ~250 17 75 0.65 49"" 221 16.5 69 0.60 41

198 16 60. 35
157 15 58 0.52 30
125 14 50 0.44 22

" 99 I3 48 0.42 20

78 12 42 0.31 15
70 11.5 35 0.30 11

"40 9 28 0.24

Measured with anmneter con, ected.

connected to the nose of the -wing tank. The results (Table 6) paralleled those obaned
above but, in spite of additional grounding, were slightly higher. After each measurement,
tlhe ground lead from the wing-tank nose was disconnected and scratched on the I11gf
deck to see whether an arc would form. Visible arcs were noted at all power levels except

*-the !owest (PWM-I reading of 9) where arc' re observed in only about one trial out oa
five. Those data illustrated once more the futility of trying to eliminate rI energy ens-
centrations by conventional grounding tecbnJques_

Because of the high. probability of flammable roncentrations of fuel vapor at the filler
pipr of the aircraft, a simulated fueling was run and voltage aad current measurema-AS
made between the hose nozzle and the ground jack connection. After connecting the ground
jack, a variable potential ranging from 100 to 150 volts was measured at currents of 0.1 to
0.2 ampere. When the nozzle was placed in contact with the filler pipe, the voltage fell to
4 to 5 volts, but no change in current was noted. Repeated attempts were made to draw
arcs from the nozzle to the filler pipe or fuselage, but none could be observed. However,
in this area arcs could he drawn to P wire grounded to the flight dock.

6d4 .-i
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Ignition Studies

DI'ring the Course of~ the voltage and
Current mneasurements, numerous at~ernpts
were mnade to igrite the vapors in the igni- 0
tion, apparatus. The res~lla of tests w~ e
with the apparatus (Fig. Ia) are shown to
Table 7. in :1ddition to these data, a series NOR&,.A..

of tests were made with the niodiftedappa-. ' GROL14M1 ~ ratus (Fig. Ib) connected between the pro-
peller blade a:-d the flight deck (Table 8).. 9cZ: -U4 L UuCcO"M
,rho latter tests were designed to show the~N~eo
least scv,?re conditions which could 2gie 0 VT~

the vaors.For these testis an AD-6 w~as
positioniec' .. th its wing extendir.Z over the t 0
forward TBA whip antenna, and mie trans-
flitter power was incrementally reduced-.

The data of Tables 7 and 8 are plotted
in Fig. 4. All of the observed ignitzvan falt
in the o u tlincd area where the current

exeee 10vls ELAriVE POWER MEAS"E'D M !RW

Fiel-Intnsiy MesurSentaraXte Tes reantsmither eetoutputic reand
because the r measuredet wer naiecrAseenug
nearinen~t mii oe th snn uersne ae cagnisican

feromteaneabases ason an recitsiprocaleuction of the itne fromar thevt antenna. hl h na il

wtlls off- iniccodaincenWity the la ofeinrere masuarement ohe theoreticaatrastio nd

toppear asnthenn dotate line inothe faing re.r. cl fteýtnarersnO infcn

Woritout quston the toamied hort sigrficath fnding oftie tudy the thpaatin rfaswieh careohheqa drawnitd aro a ircraft unde c1.dios knowelngto fomcrdrn the anena.Teln precapable ofil
ignitngafel asarcprors.Th fanctiao that no irsare yerkomn toe antenoriginatedm thenafiel

f alls offi aotrtalydangeroustsitue awtfion..s qae.Teteoeia tm~t
At. a pere snte donlytwo fune inrte figu fre fe- garrf ncrres P5jtfe n

Withou isquwesoughn, that aot significant tfiperaturof tere istd virtuall no acs z'I of can
bedaccdna fir rom afircs.f Tider rimits tnewarea ofccerdring the fuelingsar whchps inolv
Aignitin Hulaoevrs. one fmorthant no firesnitothiskruletustabe oriinated outAcra thwics

land onboard it th ror woatyl be- coetrfued in thi ankecsadten frcmp- wth accpt-
caus vin fortuitnbl oucstaimn ofJapor froul tiei tan vet -r(i ie.
This is a ptarticlally hangardous situatioi easulk vaL ak oti~n P.

Atpeet nytofesaeLo o uligarrf ncrirJP5jtfe n

40Ags h ao rsueo P5ltfe hihmeste10Ffahpm..-5oiia

tini o nuhs taa riaytmertrsteei itulyn h=I fa
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Table I
Results of Attenmpts to 1gnl.t Fuel Vaporsat Vai'tam F ArC Voltages aau Chrrevnfr

Mea•urement :ti Dat
Voltage (v)* Zeitiot (ata

S0.80 ,oke only Table
250 0.80 yes250 0.60 yes
250 0.41 yes

245 0.66 'yes, yes, yes Tabl.e
230 0.78 no Table I
215 0.46 r- Table 4
210 1.0 yes, yes, yes Table 2
200 0.70 no Table I
195 0.69 yes Table 2
160 0.30 n t
155 0.20 no TableI

120 0.36 no tIto 0.38 no T'able 4

80 0.13 n t
70 0.60 "
60 0,39 no t4 . 0.12 t

60 0.10 no t.4 
1.0 no Table1

22 -

10 0.10 no

"",1 0o.0f t

-Open circuit.
t From daiiy xotea, of F.7. Wooda.

ij I
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Table 8
Ignition Studies of Fuel Vapors at RF Arc Volt.
ages and Currents Determined at the Propeller-
Blade Edge of an AD-6 Aircr'aft L&-ated in the
Vicinity of ,IeStarboard Whip Antenna (Frame 6)
cf a TBA (1000 watts, 13.551 Me) Transmitter

Mfeasurement r Relative":'"Vitage (v) J Current (amp) Power[ jIgnition

300 1.0 300 yes

170 0.64 109 yes

- 170 0.60 102 yes

165 0.58 96 yes

140 0.50 70 t
"123 0.46 59 no

120 0.42 50 yes

110 0.38 42 no

so 0.15 8 no

Measured with ammeter connected.

tSmnall arcs and smoke curls were noted but

no visible nlame. ~ ~ 5v'w~~

NOIIT£%APARATUS FIG 11
N TKA~PAAA1uS OZ lb 40 ( "ZONTM.!epa"r -- Ib0 LALCULATED ,WL•S

A00 FREOIAJT 13.= U5 Z IW6C~.S
, ~3501

I;• . . . . . . . _

-G;
2600

1450

•. ... •- rgnitioi studies at various Fig. 5 - Field intcnslty vl distance-ISO-
rI 02 '. ' 1 10 13 0

K ' D F---(E

r. ; -4.- ¾'-o ...- at .. ,o. Fig. 5 ..- ..- vs distance

a rc. . . . . . ...s a n d-- •ia- -e---fr-m- -n- -n-a
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fuel supisirt a flammable mtixture of air and fuel vapor over the liquid surface at usual
temnperat tres, and so a.n ext*ernallS Igntted fire can flash back into 1he tank with results
which iuuy be disastrously explosive.

Ilse Woal eliziination of the irl arit hazard can be accoutpUstwd by either of two slimple
procedures: (a) securing all transmitters durin th uln pzni1o etIctng
hazurtouts fuel handling to an rf-field-frue irva of the hangar deck. U.Lfortunately, both of
these suggestions impoic restrictions on ligh1t or ship operations, and, in view of the 1ow
probability of rf-initiaied fires, less string~ent measures must be considered. Two lines
of approach suggest themselves: (a) the eneegy received by the aircraft can be reduced
to a point where dangerous arcs are unlikely and (b) situations which are likely to produce . '

arcs can be avoided.

¾ The situation is further defined by the necessity for a flammable atr.Žsphere at the
ignition source. The distribution of flammuable vapors was studied by Neill et al. (3) during
carrier fueling operations. Under normal wind-velocity condit~ons, It was found that flam-
umable vapors could not be detected except wtthiai a few inches of (fit filler pipe or tank-
vent outlet. Under stagnant wind conditions, flammable concentrations of vapor jiowed ~ .

dow-nward from the filler pipe along the fuselage and across the jixinediately adjacent
area of the wing. As the vapors flowed down from the trailing edgo- of the wing, they
'dissipated; at a few inches below the level of the wing, the vapors were dilute enough to
be nonflammable. Vapors from the tank vento followed the same pattern of downward floli
to dissipation. Where puddles of spilled Ilqul'l were involved, the vapors wider stagnant
conditions would travel horizontally for several feet but seldom rutie snore than a few
inches above the surface. It is obvious that safety measures adopted In critical areas .

where flammable vapors occur will be most fruitful.'U One highly encouraging result of the prerwent studies was that the maximum voltage
mneasw..d did not exceed the minimum sparking potential for air, It seems, therefore, ''..

unlikely that any discharges will occur sponatneously, and that the mechanical breakidng
of a contact between conductors will be necessary to initiate an are, The likelihood oZ a .--.
break cran be mintinized by careful observance of good housekeeping, for example, tie-
downs sihould be tight enough to ensure good electrical contact and to prevent rocking or
shifting with the ship's movements. Also, loose wires or cables In the critical areas
should be avoided, controls should be fixed so that no movement (if control surfaces winl
occur, and persons not needed for the fueling operation should be excluded from the crit-
ical areas during fuelikig. In addition, the huso-nozzle operator should avoid idle tapping
of hIds foot against the plane or jangling key chains or metal objects on his person which
could swing into contact with the plane. h'

With these precauttons, the moment of greatest concern Is the Inrertion of the hose
nozzle into the filler pipe. (It is assumed that the grounding connection will be made

* j before removal of the filler cap to discharge de" electrostatic potentials.) Since the meas-
urements detected rf potentials as high as 150 volts and currents an high as (0.12 ampere.
it is possible that unusually severe conditions might lead to rf pickup in the antenna cir-
cuit formed by the nozzle, grcunding cable, andl air-frame which could cause a dangerous
arc. Once contact between tho hose nozzle andt filler pipe is made, It should not be broken
warnecessarily. Two suggestions which mighit eliminate spark formation are (a) to coat the'
outride, of the nozzle with a nonconducting Jacket which would pr'vv'nt metal-to-metal
contact .- the grounding connection will continue to provide electro:itamtlc protection and0
(b) to build an r! shunt Into the grounding c:,tiie with an indicating device such -is an rf
ammeter or a properly chosen glow discharge tube which would Indicate to the operator
the existence of a hazardous voltage.

Th1m linear relationships developed betwovin transmitter power output, field strength,
and available energy in the aircraft suggest several teciuxiques wnuch would reduce the

~ .:.l.:~....... ~*Likelihood of developing dangt~rous arcs.



U°. .

NAVAL RESEARCH LABORATORY 1

The principal -source of rf energy seems to be the deck-level whip or tower-mounted
aniennis used for communicationsi. While these antennas do not handle the high powers
transmitted by radars, radar energy is intermittent and is beamed at elevations greater
than that of the aircraft. It would be unwise to fuel planes which for one reason or another
were located directly in the path of a radar beam.* Leakage fields from the radar were
found to be of insignificantly low intensity on the flight deck.

Since communications antennas are physically lo,.ated within a few feet of the flight

deck near normal fueling stations, planes are often sr. itted nearby. The rapid increase IM
field strength as the antenna is approached was shown in Fig. 5. It follows that the energy
taken up by the aircraft will decrease markedly with distance from the antenna. Unfortu-
nately, the full effect of separation may not be realized at specific points on the aircraft

-t because changes !n the geometry of the situation will inescapably result in shifts In the
standing-wave pattern on the aircraft. The total energy picked up by the aircraft will, ot""course, decrease. As a guiding principle, it Is safe to say that the. farther a plane is tronz

... a transmitting antenna, the less likely it is to generate hazardous ares.

"The field studies did not develop enough data to prescribe a safe distance. Movrag
the plane twenty feet inboard (Tables I and 2) reduced the maximum voltage and current
measured to values which, with one exception, fall outside the hazardous limits Indicated
in Fig. 4, Itls therefore likely that a separation of 25 feet between a transmitting antenna
radiating not more than 500 watts and the nearest point of approach of the plane would not
permit gencration of dangerous arcs. Greater distances would give a larger margin of
safety. Securing of all. transmitters located within the quadrant of the flight deck In which
fueling Is being conducted may be considered as almost completely safe.

The effect of transmitter frequency was not extensively investigated. No reports of
arcs at frequencies outside the 7 to 15 megacgcle range were made by fueling crews. On
theoretical grounds, half wavelengths approximataly equal to the dimension of the planes
should be most effectively received, and the efficiency of pick-up wuuld fall off rapidly as
the transmitted wavelength became longer than aircraft dimensions. An attempt was made
by personnel of International Electronics Engineering, i. to determine the resonance
peaks of the AD-6 over the range of 7 to 12 megacycles. These tests did not indicate
mark-d peaking at any specific frequency and showed very little shift over the whole
range. Thus, the aircraft acts as an untuned, broad-band antenna which adjusts to the
specific wavelength by shifts in the standing-wave pattern.

SUMMARY

Shipboard studies of the ignition capabilities of rf arcs drawn from aircraft located
"in fueling positions showed that such arcs are capable of igniting flammable concentrations• i of fuel vapor.

M "The probability of fires resulting froin such arcs is low because of the rather limited
distribution of flammable concentrations of fuel vapor and the necessity of breaking an
electr.cal contact to generate an arc.

The possibility of accidental fires can be reduced by such measures as halting trans-
mission on antennas adjacent toi`fosng aircraft, excludIng from the fueling area personnel
and material which might accidentally contact the plane in an area a! flammable vapor,

" Approach" (The Naval Aviation Safety Review), NavAer 00-75-510, April 1958. report*
"an instance where antenna radiation ignited oil which h.d seeped into the radorne of a

,•' S..lZPG-2 containing loose metal objects. 'lie fire started ten mninutes after the radiating

"antenna ceased rotating.
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increasing the physical separation of the plane and the transmitting antenna, reducing the
power output of nearby antennas, and alerting fueling personnel to the possibility of acct-
dental fires from rf arcs.
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